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(57) A power conversion circuit for providing a rec- 
tified supply voltage to an output capacitor. The power 
conversion circuit includes: a rectifying circuit <0B) a 
power factor correction circuit (10* a resistor (Rl) for 
Hmrtmg inrush current, the resistor being operative* 
connected between the rectifying circuit and the power 
factor correction circuit, the capacitor being connected 
to the output of this power factor correction circuit; and 
a switch (S2) that is operatively connected for short 
circuiting the resistor, the output capacitor (CI) befag 
connected across the output tenriinate of the power fac- 
tor correction circuit, the switch being activated when 
the output voltage of the power factor correction circuit 
exceeds a precteterrruned threshold. 
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Description 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 

The present invention relates to a circuit and meth- 
od for controtfing an inrush cmront I'mstex an a poww con- 
version system. More particularly, tha present k went on 
relates to a circul and method lor controlling an tirush 
current ttmtter in a ouect-off-ine switenmode power con- 
version system thai has pre-regutalion <*cuftry for pro- 
viding power (actor correct ion 



2. Discussion of the rotated art 

Figure 1 iflustrates a base schematic diagram of a 
known direct -of .fine switehmode power conversion 
system 

This power conversion system includes: a switch 
S1, a bridge rectifier DB; a capacitor C\ and a swftch- 
mode power converter SPC. 

In direct-off-ftrw swftchmode power conversion sys- 
tems, uhere costs and size are major factors, it is normal 
practice to use semiconductor rectifiers and a large fetter 
capacitor to supply a high d.c. voltage to the converter 
SPC. 

However, because these systems have such an in- 
herently tow input resistance, especiafiy when capacitor 
C1 is initially discharged, very targe peak surge currents 
Row h the input components, le. the switch Si . the rec- 
tifier DB. the supply fines (A, B), and the capacitor CI. 
when the system is connected, via switch S 1 . to the Hne 
input These large peak surge currents, or brush cur- 
rents, are very stro&sfut to these input components. Fur- 
thermore, these inrush currents can also cause tterfer- 
ence to other equipment and apparatus connected to 
the same supply. 

The power converter SPC is illustrated as having a 
single pair of output terminals C, D. However, in practice 
the power converter will have a plurality of output termi- 
nals. These output terminals wifl supply power, thai typ- 
tea*y have d.c. voltages that are tower than the d.c. volt- 
age at the input lo the power converter SPC, to a variety 
of toads (not illustrated). The applications for such a 
power converter system are wel known and numerous. 

It is known by those skilled in the art that brush cur- 
rent. Ic, can be reduced, i.e. limited, when the supply b 
switched on by introducing a resist ive element or device, 
in one or more of the supply lines, between the toput 
lines and the capacitor C1 . Therefore, by kmiting the rv 
rush current the input components avoid being over 
stressed, and any Interference is reduced. 

Figure 2 illustrates a similar basic schematic dia- 
gram lo that of Figure 1 . However. Figure 2 also includes 
a resistive element Rl tor Bmiting the Inrush current and 
a switch S2 lor short circuiting the resistive element Rl . 
The arrangement ol Rl and S2 is known by those 



skfled in the art. Abo known is that resistors or NTC 
thermistors, tor example, can be used to Bmft inrush cur- 
rent and can be situated either ri Irani of. or behind tie 
rectifier DB. 

5 10 Ws particular Hustration. a current feruling resis- 
tor R1 and switch S2 are illustrated as bang stuated on 
Ihe rectified side of the converter system, i.e. me high 
voltage deskto. Switch S2 can. lor example, be mpie- 
mented by a sScon controlled rectifier SCR. Le. a thyr- 
10 fetor, for example, and again this Is known to those 
skfled in the art 

Swilch S2 is controlled by the power converter SPC 
as Itustraled. However, in the case where switch S2 is 
■"Ptemented by a thyrtstor, for example, adoWonaf ar- 
1S rangemenis have to be made in order to r^e c* trigger 
me thyristor Into corvJucung since, the output d.c volt- 
ages of the power converter, Le. me voltages that can 
be supplied to the gate of Ihe thyn^, are lewer than 
tedc. input voltage, Le. the voltage rxese* on ttecath- 
20 ode of the thyristor. 

These adcfiional arrangements typically require 
mat a dedicated d.c output terminal, nctodng afl Is 
necessary complex circuitry, to provided for controtBng 
the conduction state of the myrlstor. Trto output voltage 
& Irom this dedicated dc. output terminal must be greater 
man the d.c. voltage at the input terminal, A', of fte pow- 
er converter SPC so that Ihe thyristors p-n junction be- 
tween its gale and cathode can be forward biased. The 
torward biasing of the gale-cathode junction allows cur- 
30 rent to flow through this junction that results m the thy- 
ristor turning on; i.e. conducting, thus it is able to shunt 
the resistor Rl and reduce I2R power toss. 

The necessity of these additional arrangements 
gfves rise to a number of problems including: extra com- 
35 Points and hence less syslem reliability; extra costs, 
especial tor wound components, le. inductors; greater 
system weight; larger system size; and greater de- 
mands on design efforts. 

It is also known lo those skfled m the art of power 
40 converston that martcet interests, which are driven by 
bgjsiafion andfcr formal standards, have over recent 
years been rfrected to power factor correction PFC 
Power factor PF is defined as PF=fVS: where R is the 
real power and S is the total apparent power. PFC is 
45 ***** 35 a means *°r pre -regulating the npui power. 
Mifle at me same time boosting the input dc. voltage! 
such that it has an Improved PF before the power is con- 
verted by a power converter. 

There are available on the market today both rJs- 
*> crete and integrated solulions for providing PFC. One 
example of an integrated solution is given n an 1994 
application note entitled 'DESIGNING A HIGH POWER 
FACTOR SWITCHING PRE -REG U LATOR WITH THE 
16560 TRANSITION MODE I.C.* by G. COMANDA- 
55 TORE A U. MOFUCONl both of SGS THOMSON MI- 
CROELECTRONICS This application note is herein in- 
corporated by reference 

Since there is a strong need, in terms legislation and 
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formal standards, for providing PFC: rernembenng lhai 
the PF correction system provides a d.c. output votage 
that is greater than its d.c. Input voltage; coupled with 
tie fact that there are Inherent problems, as stated 
above, with swlohing a thyristoc the present invention 
proposes a novel solution lor providing a power (actor 
corrected power converter system that that can be used 
to overcome these inherent problems that are associat- 
ed with innish c^erit lirrttation. 

OB^CTS & SUMMARY OF THE INVENTION 

Accatfngly. an object of the present invention isto 
anticipate ovenxmng problems that would otherwise 
be associated with the short cbwjrlkigofairtrushcunenl 
IbnKlng device In a power conversion system thai has 
power lactor correction. 

Other objects of the present Invention fctude the 
provision of a drcut and method fiat anticipate over- 
coming problems that would otherwise be associated 
with the short circuiting of an inrush current frniing do- 
vice h a power conversion system that has power factor 
correction. The proposed circuit and method are simple 
and require less components - therefore they are more 
reliable. The proposed circuit and method do not require 
any additional inductors neither do they require any ded- 
icated voltages to bo produced, and the circuit is more 
cost effective and easier to design. 

Another object of the present invention is to keep 
the start-up time of Ihe system to a rrwwrjura 

Another object of the present invention a to com- 
pletely avoid any secondary inrush current effect 

In order to achieve these an d other objects, the 
present invention provides a power conversion circuit, 
lor prcvkfing a rectified suppry voltage to an output ca- 
pacitor, that comprises: a rectifying circuit; a power fac- 
tor correction circuit; a resistive element, tor example a 
resistor, for Smiting hrush current, the resistor being op- 
erativery connected between ihe rectfyhg circuit and 
the power lactor correction circuit; and a switch that is 
operatively connected and controlled tor short circuiting 
the resistor; the output capacitor is connected across 
the output terminals of the power factor correction cr- 
cuH, wherein the switch is activated, Le. closed, for 
shunting the resistor when the output voltage of fte pow- 
er factor correction circuit exceeds a predetermined 
threshold. 

According to another embodiment of the present in- 
vention, the power factor correction crcuit comprises a 
okxie. that is connected between to resistor and the 
output capacitor, for pr ©charging the output capacitor. 

According to another emoctfimenl of the present in- 
vention. the power conversion circuit further comprises 
an input fifler capacitor connected across &ie input ter- 
minals of the power lactor correction circuit. 

AccorcSng to another embodiment of (he present In- 
vention, the power lactor correction circuit comprises a 
boost topology swftchmode power suppry. 



AccorrJng to another embodirnent of the present tv 
ventton, the switch tor short ctrcutUng the resistor n- 
cludes: a silicon controlled rectifier that is operatively 
connected in parafle* with the resistor, and a comparalor 
5 ^activating the conduction state c< tiie sHicon control- 
led rectSier, Le. tor turning the si icon controBed rectSer 
oa 

Accordhg to other embodiments of the present in- 
vention, the comparator comprises an operatively con- 
W nectedZenerrJcxte.orapturaty^ 

nected h series with a resistive element, for example a 
resistor. 

AccorcSng to another embodiment of the present h~ 
vention, ihe comparator provides a substantially con- 
15 stant output current ' 

According to another embocfcnent of the present in- 
vention, fce sttbon controfted rectifier is a thyristor and/ 
oratriac. 

AccoroiTg to other embodiments of the present to- 
20 vention: Us output power from the power lactor correc- 
tion circui Is greater than approximately 30 Watts; ancV 
or * is incorporated within a ctomestfcapp*anc«;ancfer 
It is incorporated within an industrial apparatus. 

Accenting to another ernbodgnent ol the present fry- 

29 vention. a method of power conversion is provided, for 
rxovkfng a rectified supply voltage to an output capac- 
itor, that comprises the steps of: rectifying a voftage; Unv 
ilirtg Inrush current by means of a resistor, prechargwg 
the output capacitor, that is connected across the output 

30 termir^sofarjowerfactc*^ 

thai is Gubstantialy equal to the rectified voltage; cor- 
recting the power factor of the rectified voltage; further 
charging the precharged output capacitor by means of 
the power factor correcting circuit; short circuiting the 

as inrush current limiting resistor; wherein the step of short 
circuiting the inrush current limiting resistor is performed 
when the voftage stored on the output capacitor ex- 
ceeds a predetermined threshold. 

Acoordrtg to other embodiments of the present *n- 

40 vention. methods of power conversion are proposed 
twt further include Ihe step of charging en input capac- 
itor that is connected across the input termrtais of Ihe 
power factor correction circuit; and short circuiting the 
inrush current limiting resistor when Ihe riput capacitor 

45 is fuBy charged to the rectified vottage and the voltage 
stored on the output capacitor exceeds a predeterrnined 
threshold 



These and other objects, as well as other advantag- 
es and features, of the present invention wiU become 
apparent in light of the following detailed ctescription and 
accompanying drawings among which: 

Figure 1 illustrates an already described basic 
schematic diagram of a direct-off-line switchmode 
power conversion system; 



BRIEF DESCRIPTION OF THE DRAWINGS 
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Figure 2 Bust rales an already described basic 
schematic diagram of a oVect-olI-ine switohmode 
power conversion system, mat is based on thai of 
Figure 1, that includes an inrush current Smiting re- 
sistor and a switch for snort circuit hg the resistor 
and 

Figure 3 ftistrates a delated schematic diagram ot 
a direct -off-foe switohmode power conversion sys- 
tem according to the present Invention. 



DETAILED D£SCBFTK)N 

Am>CHjghtriis invention wa be (Jescrib^ 
ttonwtocertam preferred errtoc^ 
derstood that the present oSsctosure b to be considered 
as an exemplification of the principles of the mention 
and that there is no intention of &m iung the iwention to 
thedteJoeederTtKXJrments.C* 
ed thai aJ alternatives, modifications and equivalent ar- 
rangements as may be included wtnin the spirit and 
scope of the appended claims be covered as part of mis 
invention. 

Figure 3 illustrates a detailed schematic diagram of 
a direct-on-line swfichrnode power conversion system 
according to (he present invention. 

This figure ttustrates a similar schematic diagram 
to that of Figure 2. However, mis figure also bdudes a 
power factor correction circu* 10 and an optional fitter 
capacitor C2 (llustrated by the dashed lines). 

The power factor correction circuit 10, which is typ- 
icaDya boost topology swrtcnmode power supply, isop- 
erativety connected between the resistor Rl and the ca- 
pacitor C1 and includes the toOowing basic elements: 
two diodes D1. 02; an inductor L; a switch S3; and a 
control circuit 20. These elements are organized in a 
manner known to those staled in the art so that they 
perform power factor correction PFC. However, diode 
D1 is a, preferred, optional diode thai has been ncluded 
and whose function wil be discussed further on in this 
text. 

In this current figure, switch S2 has been iiustraled 
in more dotal and has been shown to include; a thy ristor 
TH; a Zener diode DZ and a resistor R2. 

The thynstor is connected h parallel with the inrush 
current Imiting resistor Rl in a known ccnverrtjonaJ 
manner. However, the gale of this thynstor is connected 
to the supply rail E; i.e. the positive output voltage rail 
of the power factor correction circuit 10, via the series 
connected Zener dtode DZ and resistor R2. The anode 
and cathode of the Zener dtode being respectively con- 
nected to the gate of the thynstor and the supply rail E. 
via resistor R2. 

As for the operation of the circuit provided by the 
present invention. I shall be assumed that: capacitor C2 
is not included and diode D1 is included h the this ex- 
ample; that capacitors CI is completely discharged; and 
that the thyristor TH is not conducting. 

The introduction oi resistor Rl increases the. hher- 



ently low input resistance of the system such that it l*n- 
«s, i.e. reduces, tie inrush current frito, or through, those 
components or elements thai are suscepUbie to the ef- 
fects of inrush current, these components hcludtig: the 
5 switch SI , the recttfier D6; the power factor corrector 10 
(otode 0 1 ); and capacitor C1 . 

According to the present invention, it b preferable, 
but not mandatory, to include the diode Dl so that the 
volage present at the input terminal A' of the power tac- 
10 tor ccnoctor 10 can be used to prechargo capacitor CI, 
which is placed across the output termmafe E. B of the 
power factor correction circuit 10. to a votage substan- 
liaPy equal to that at the terminal A*. 

An advantage ol ncbdrng diode D 1 is that: the start- 
15 ^ time of the system is kept to a minimum since, the 
power factor correction circuit 10onfyhastocharge»ie 
capacior from approximately the volage value at its 
pul terminal A* to He nominal predetermined output val- 
ue, for example 400 volts, or in other words, the power 
20 factor correction circuit 10 does not have to charge a 
luBy depleted capacitor. 

The selection of the value of resistance Rl is usu- 
ally a compromise between en acceptable peak ampft- 
tude of the inrush current and the system start-up delay. 
25 A typlcai value tor the resistance Rl is between 10 - 100 
ohms. IncfctentaJfy, typical values for capacitor C1 is be- 
tween 10-100 uFarads, depending ol the output power 
ol the converter (the value of C2 can be very tow, for 
example 1 uFarad, and can in lad be omifled). 
30 ttshouto be rioted that KC2 is nco^ 

power converter system it is important that the start-up 
delay is sufficient to allow capacitor C2 to fu0y charge, 
via resistor R1 . before the power factor correction circuit 
10 starts operating. This start-up delay is rnportant be- 
35 rauselttepowortatforconection drcuit 1 0 starts oc- 
er ating before capacitor C2 is fufly charged, me toad cur- 
rent, te. the current into the power factor correction cir- 
cuit 10, wlH prevent capacitor C2 from fuBy charghg. so 
that when the thynstor is activated, i.e. turned on. there 
40 wffl be a further, secondary, inrush current. 

However, if C2 is not incorporated kilo the power 
converter system, this problem, according to the present 
invention, wiD not occur. 

The control circut 20 within me power lactor correc- 
4S to" 10 wtiialy derives its power from the input 
terminal A" and after a short delay it will start to operate. 
This control circuit 20 activates switch S3 so thai It con- 
ducts current, which allows energy to be stored n the 
inductor L When the control circuit deactivates switch 
50 S3 so frialil no lorg^ccnducts current, (he energy that 
is stored h the inductor L is transferred towards capac- 
itor C1 . Therefore, capacitor C t charges. 

In the absence of capacitor C2 i should be noted 
that as soon as capacitor Cl has charged to a voltage 
55 va'ue that is approximately equal to, or greater, than the 
voltage present at terminal A", diode Dl becomes re- 
verse biased. Therefore, when diode Dl, and also me 
inductor l_ is reverse biased, there wffl be no secondary 
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inrush current when resistor R1 is shunted and capacitor 
C1 is not luVy charged 

When the voftage at terminal E is approximately 
greater than the breakdown voftage VZ of the Zener di- 
ode DZ and tie p-n junction forward bias voltage be- 5 
tween the gale and cathode of Ihynstor TH, a current 
wfl flow from terminal E to terminal A' that wfU cause the 
tiyristor lo trigger into its tow voftage drop conduction 
state. Therefore, resistor R1 wC be shunted by tiyristor 
TH and the BR tosses wfl be dramaUcafy reduced, to 
which wil result in increased efficiency. 

The breakdown voltage VZ of the Zener diode OZ 
and the value of the resistance R2 are chosen so as to 
reduce as much as possible the power that is dissjxtted 
fcn the gate triggering circuary, Le. E, R2. DZ. gate-cath- is 2. 
ode of TH, A*. Therefore, the voltage drop across resis- 
tor R2 and the Zener dSode can be between 100-200 
votts for example, since the voftage at A* decreases to 
zero vols at each hal cycle. 

It b possfcfe, but less preferable, to use a plurality 20 
of Zener diodes that are operatrvery connected in series. 3. 

It is abo posstote to replace ffw Zener diode with 
another comparator element, thai can have for example 
a constant output current stage, so as to achieve the 
same result However, a Zener diode solution is a pre- ss 
ferred solution because of fts stnpfkaty. 

A power conversion system according lo the 4. 
present invention can be applied equally to low power 
appicaUons, le. from approximately 30-150 Watts, or 
high power applications, U. from approximately ISO JO 5. 
Watts to several KWatts. These applications can be 
used for domestic appliances or for industrial apparatus. 

Some domestic and industrial application exam- 
ples, that are not blended to be exhaustive, in which the 
present invention can be used include: televisions, vb- 55 $, 
eo recorders, hi-fi's, personal computers, refrigerators, 
washing machines, air condrliooing units, lighttig, do- 
motfcs, robotics, motor control etc. 

Having tws described at toast one ilustraUve env 
bodtnent of the invention, various alterations, nxxfifica- 40 7. 
lions and tiprovements wil readily occur to those 
staled in Ihe art. Such alterations, rnodifortioris. and im- 
provements are Intended to be within the spirit and 
scope of the invention. Accordingly, the foregotig de- 
ecnplion is by way of example only and is not intended « 
lobe thing. The invention is limited only as defined fci 
the Iota wing dains and the equivalents thereto. 



Claims 59 

1 . A power conversion circuit, for providrig a rectified 
supply voltage to an output capacitor, comprishg: 

a rectifying circuit (OB); 55 
a power factor correction circuit (10); 
said output capacitor being connected across 
the output terminals of the power factor correc- 



tion circuit; 

a resistor (R1 ) for limiting inrush current, ttie re- 
sistor being operatively connected between the 
rectifying cwcu* and the power factor correction 
tircuft; 

a thyristor (th) that is operatrvey connected in 
parallel with the resistor; 
moans for cxxnpanhg tho otrtput and hput volt- 
ages of the powder factor correction drct* and 
tor activating the conduction stale of said s*i- 
con oontroBed rectifier when tw difference be- 
tween the output voltage and the input voftage 
exceeds a predetermined threshold. 

A power conversion circuit acoordhg to da*n 1. 
*4>orain said cornparalor moans cornpnses a1 least 
one Zener diode (OZ) connected between the out- 
put of (he power factor conecticnclrcuil (I0)anda 
gate of said ttiynstor. 

A power conversion circuit aocordtig to cfetfn 1, 
whereb the power factor correction circuit (10) 
comprisesa switch means (D1 ) connected between 
said resistor and said output capacitor for precharg- 
ing said output capacitor. 

A power conversion circuit accordhg to cbfcn 3, 
wherein said switch means is a dtode (D1). 

A power conversion circuit according to any ol the 
claims I to 4, further comprising an input capacitor 
<C2) connected across the input terminals (A', B) of 
tie power factor correction circuit. 

A power conversion circuit according to any of the 
damns 1 to 5. wherein the output power of the power 
factor correction circuit is greater than approximate- 
ly 30 Watts. 

A power conversion circuit accordng to any of the 
claims I to 6. irKxyporated with* a domestic appB- 
ance. 

A power conversion circuit according to any of the 
claims 1 to 7. incorporated within an industrial ap- 
paratus. 

A method of power conversion, for providing a rec- 
tified supply voltage to an output capacitor, that 
comprises the steps of: . 

rectffy ing a voltage; 

Smiting inrush current by means of a resistor 

(Ri>; 

prechargkig the output capacitor (CI), that is 
connected across the output terminals of a 
power factor correction circuit (10). to a voltage 
that is substantially equal to the rectified voft- 
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age; 

correcting the power factor of the rectified vol- 
age; 

turlher charging the precharged outpu capac- 
itor by means of the power factor correcting cir- 
cuit; 

short circuiting the inrush current fording resis- 
ts **»en the vottage stored on the output ca- 
pacitor exceeds by a predetermined threshold 
the input vottage of the power factor correcting 
circuit 

10. A method of power conversion according to davn 
9, further inducing tte step of d 
pacitor (C2) thai is connected across the Input ter- ts 
mhafe of the power factor correction drcu*. 

11. A method of power conversion accorolng to claims 
9 or 10, wherein the step of short drcutag the in- 
rush current Bmiting resistor b performed when an so 
Input capacitor is tuffy charged to the rectified vott- 
age and the volage stored on the output capacitor 
exceeds a predetermined threshold 

25 
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